This study investigates the influence acoustic measures of pitch accent have on L1 and Australian English (AusE) L2 Japanese speech perception, expanding Tsurutani (2010) and Ishihara, Tsurutani, and Tsukada (2011) , and motivated by Munro and Derwing (2001) , which studies the role of speaking rate on judgments of L2 speech. We establish native and advanced AusE listeners of Japanese differ in their judgments of foreign accent in terms of accentedness and comprehensibility Derwing 1995, 1999) through a listening task. Selected acoustic measures of pitch accent from the speech stimuli, which displayed significant variance across listener groups --delta-pitch, max and mean max delta-intensity, and duration per mora --are correlated with L1 and L2 listener data. Testing for a relationship between each of the acoustic measures and listener judgments, the regression analyses show a considerable relationship between comprehensibility judgments and duration and intensity features, ranging from adjusted R^2 = 14.3% to 24.6% across listeners, and indicating the degree of variance between judgments can be attributed to these acoustic measures. We can interpret that comprehensibility is linked to intensity and duration, which supports the authors' prior findings that timing is considered more important than pitch in the detection of foreign-accented speech.
INTRODUCTION
The speech of non-native language learners can vary in many ways from that of native speakers. This is due to a number of factors, one such being the influence of a speaker's first language (L1) and their proficiency in other languages. The role of paralinguistic information in the acquisition of a second language (L2) is another aspect of this topic that has garnered less attention than warranted. Particularly, suprasegmental prosodic features hold much information that contributes to the ease of understanding a spoken message. Munro and Derwing (1995) propose that prosodic cues may be one way in which L2 speech patterns diverge from those of the typical speaker. Consideration of differences in prosody as a feature of non-native speech has been investigated in Anderson-Hsieh, Johnson, and Koehler (1992) , where they suggest that L2 speech perception is affected by prosody, with stress, rhythm, intonation, and pausing identified as the most pervasive cues that affect the pronunciation of L2 speakers. The impact of prosodic errors on the perception of foreign accent has also been attested for in Japanese in Sato (1995) , identifying the prosodic dimensions of timing and pitch as major factors.
The current study investigates the correlational effect that Australian English (AusE) prosodic features of pitch, intensity, and duration have on Japanese pitch accent perception in L2 speech. While established L2 speech models like the Perceptual Assimilation Model (e.g. Best 1995) , Native Language Magnet Theory (e.g. Kuhl and Iverson 1995) , and the Speech Learning Model (e.g. Flege 1985) focus on the segmental differences (e.g. speech sounds or syllables) often associated with L2 speech perception, less research has been conducted on what effect native English speakers' prosodic characteristics contribute to the perceptual judgment of their L2 Japanese speech.
The design of our study is synergistic in nature, approaching the topic of L2 speech from both acoustic and perception perspectives to conduct the current experiment, which is motivated by Munro and Derwing (2001) . In their study, they propose that there is a direct relationship between speaking rate (syllables per second) and L2 speech perception. The study sought a curvilinear correlational effect of speaking rate on listeners' judgments in terms of accentedness -the degree of foreign accent -and comprehensibility -the degree of difficulty associated with understanding the speaker -through a proof-of-concept experiment using speakers from several L1 backgrounds speaking English. Native speakers of Canadian English then through a listening task judged the speech L2 English speech samples. The findings of that experiment were able to support the hypothesis that listener judgments were linked to the feature of speaking rate for the case of English.
Within this framework, we propose a similar curvilinear effect to Munro and Derwing (2001) (cf. Figure 1) ; however adapting the hypothesized effect, expanding it to acoustic measures of pitch accent. We propose for intensity (in decibels) and duration (as speaking rate in milliseconds per mora) a quadratic linear concave up (QLCU) regulated regression pattern to account for the importance of speech timing over pitch, which we propose follows a weaker quadratic linear convex up (QLVU) pattern, in pronunciation. We examine the relationship between pitch accent through its acoustic features, and its perception as manifested through the listeners' judgments in accentedness and comprehensibility proposed by Derwing (1995, 2001) as perceived by L1 and AusE L2 Japanese speakers.
Speech timing and pitch errors in L2 Japanese speech are the focus of this study, given that Japanese is considered a mora-timed pitch accent language, and whereas English is considered a syllable-timed stress-accent language. Thus, Japanese pitch accent as modified by English stress accent can be characterized by the modulation of prosodic features such as pitch, intensity, and duration to render a mora (phonological unit) prominent. The study is conducted on a given a set of Japanese single clause statements spoken by both L1 and AusE novice L2 speakers, as detailed in the next section. This dataset has also served as the basis for previous related studies, and was selected specifically in order to expand on those findings. As previously reported in Tsurutani (2010) ; Ishihara, Tsurutani, and Tsukada (2011); , the superiority of timing errors over those of pitch in the judgment of L2 Japanese speech has been attested for by both Japanese L1 and L2 listeners of different language backgrounds.
Based on these findings and those of the aforementioned studies, we propose the following research questions: 1. Which prosodic feature of pitch accent (pitch, timing, and duration) has the strongest relationship with listeners' judgments of L2 speakers' degree of foreign accent, and to that effect, which error type (cf. Table  1 ) -pitch or timing error -is a better indicator of listeners' judgments of L2 pronunciation of Japanese? 2. Which judgment type -accentedness or comprehensibility -is a more robust indicator of L2 pronunciation of Japanese? Given the scope of the current study, we provide only a brief overview of results from separate acoustic and perception analyses on the speech materials needed to facilitate the basis of the correlational study. A more robust rubric in defining and rating pronunciation than the previous related studies (Tsurutani 2010 , Ishihara, Tsurutani, and Tsukada 2011 is used pursuant to the methodology proposed by Derwing (1995, 1997) , integrating the concepts of (foreign) accentedness and comprehensibility. This approach was adopted with aims of providing a detailed and standardized understanding of specific features associated with pronunciation. Lastly, native speaker productions of the stimuli sentences were collected and subsequently included as the fifth stimulus type in this study as a control (cf. Table 1), as well as refine the previously methodology for related and future perception studies that stem from the current one.
METHOD Materials
The stimuli selected for inclusion originate from two sources. The majority was extracted from an existing corpus of novice AusE speakers of Japanese (approximately 160 hours tuition). The original recordings took place as part of a computer-based self-assessment exercise developed as a pronunciation tool. After being compiled, the sentences were then coded for four different error types based on two vectors, pitch and timing, by three expert annotators. Sentences with pitch errors are those with errors in pitch accent, PiTc. Sentences with timing errors are those with long/short segment contrast errors, PcTi. The stimuli used in this study have no obvious segmental errors. Six sentences serve as the basis of the speech data, and were chosen for their durational variation and contrast between vowels and consonants. Each sentence is produced per error type, for a total of 24 stimuli extracted from this corpus. The stimuli selection up to this point is that which the previous related studies used as data.
An additional native speaker stimulus type, Na, was collected to serve as a control. Six speakers (evenly distributed across sex) who identified Japanese as their native language (who were also confirmed as such by the second author) were invited to record the stimuli sentences in Table 2 , with one sentence per participant being included in the final speech materials. tsugi-no jugyoo-no suugaku-wa chotto muzukashii desu.
The mathematics in the next class is a bit hard.
3.
watashi-no kookoo-de isshoni shashin-o torimashoo.
Let's take a photo together at my high school.
otooto -no okusan-wa ryokoo-ni ikuno-ga suki-desu-yo.
My younger brother's wife likes travelling. 5.
tanjoobi-ni tomodachi-kara kireena hana-o moratta.
I received beautiful flowers from my friend on my birthday.
6.
shuumatsu-kara futarino hito-to shigoto-o suru yotee desu.
From the weekend I'm planning to work with 2 people.
Stimulus Preparation
The 30-count stimuli set (6 sentences x [4 error types + 1 native type]) were prepared to maintain consistency across the data. The speech materials were trimmed to regulate utterance onsets and offsets, with 10 ms of silence inserted to the signal onsets and offsets. The audio signal was then peak normalized at -1 dB in Wavesurfer (Sjölander and Beskow 2011) to adjust the PCM level of the sample. The files were saved as WAV files to be presented in Praat (Boersma and Wiinker 2012) during the listening task detailed in a later section.
Acoustic Analysis
To conduct the acoustic analysis, a number of prosodic measures were selected to assess the pitch accent across stimulus error types, assessing various measures of pitch, intensity, and duration. In addition to the global measure of pitch contours calculated in Praat, delta pitch mean and range, and z-score normalized mean and max pitch were also derived to account for the F0 differences resulting from speaker sex. Intensity is the amplitude of the speech signal. The features extracted were the mean, max, and range of both intensity (dB) and delta intensity. Pitch and intensity contours were captured in 10ms intervals across the duration of each token. Duration was calculated in terms of speaking rate, at the mora level and measured in milliseconds, after tokens were segmented at the word, phoneme, and mora levels. The number of mora per sentence range from 22 to 24 mora.
Participants
A total of 39 Japanese speakers were invited to participate in the perception study, with 21 native Japanese listeners and 17 advanced (Level 1 Japanese Language Proficiency Test or equivalent) Japanese listeners who were native AusE speakers. The ages of the listener participants ranged from 17 to 70 years of age (M age = 28.2, SD age = 10.7), and were either university students or working professionals from the Canberra region at the time of the study. All listeners reported that they were of normal hearing, and of normal or corrected eyesight. Interactions with the participants except for the listening task were conducted primarily in English.
Listening Task
Accentedness and comprehensibility scores were collected from a series of two-part listening tasks. After completion of a web-based language background questionnaire, the participants performed the listening tasks, which were presented in Praat, in a quiet room wearing over-ear monitor headphones. After a familiarization task, the listening test performed comprised of two parts, with the participants listening to the 30 speech stimuli in random order once per ratings task. The first part had them first identifying if the stimulus was produced by a L1 or L2 speaker, and then judging it on a nine-step Likert scale for accentedness (1 = no accent, 9 = extremely strong accent). Mutatis mutandis, the same conditions applied for the second part with listeners judging comprehensibility (1 = extremely easy to understand, 9 = extremely difficult or impossible to understand). Following accepted practices, the rating scales were categorized in a counterintuitive, reverse order to dissuade participants from habitual responses. Participants were encouraged to listen to each stimulus speech recording in its entirety before making any judgment, and to make full use of the ratings scale.
Acoustic and Perception Analyses
The separate acoustic and perception data that serve as the independent and dependent variables of the study are summarized in this section. Please note that only the findings of the acoustic feature measures that were deemed statistically significant (i.e. global pitch, delta pitch, intensity, delta intensity, and duration as speaking rate) and therefore relevant to the current study are reported here.
Following accepted practices, the internal consistency across listeners was assessed. Cronbach's alpha was computed to determine inter-listener reliability, for accentedness (L1: α = 0.99, L2: α = 0.94) and comprehensibility (L1: α = 0.98, L2: α = 0.95), resulting in the exclusion of one native speaker participant based on atypical response patterns.
To serve as the acoustic data in the correlational study, various measures of pitch accent between stimulus error types were measured in a series of one-way ANOVA calculated with the given acoustic feature as the dependent variable, to establish the specific measures that exhibit significant variance across error types for the prosodic dimensions of pitch, intensity, and duration. Table 3 shows the basic mean and standard deviation results for the main acoustic measures calculated for pitch, intensity, and duration. It should be noted that while only mean pitch exhibited a main effect between error types as a measure of pitch (F(4, 25) = 4.89, p < 0.01) this might not be a reliable measure given as-is as it does not account for the disproportionate distribution of speaker sex across stimulus error types in the data. For that reason, the measure of delta pitch is also included in effort to capture what importance pitch modulation may have in the current study, despite findings in the acoustic analysis that cannot support significant variance across error type. For intensity, only delta intensity H mean observed a significant result across stimulus error type, F(4, 25) = 3.18, p < 0.03. Because of this, the measure of max intensity is also included in the correlational study. Lastly, duration in terms of speaking rate returned significant results, with a main effect observed, F(4, 25) = 3.42, p < 0.02. The main findings of the perception study have the results of the accentedness and comprehensibility judgment tasks providing support for previous related studies in which timing is found to be more important than pitch in the assessment of L2 pronunciation. Tsurutani (2010) indicated the relationship as PiTi > PcTi > PiTc > PcTc, ranked in terms of gravity of stimulus error (e.g. stimuli with both pitch and timing errors are judged as worse than those with only a timing error, which is worse than a pitch error, which is worse than no errors). This is confirmed through a repeated measures ANOVA by the data of both the L1 (PiTi > PcTi > PiTc > PcTc > Na), F(3.44, 429.42) = 302.99, p < 0.01, and AusE L2 Japanese listener groups (PiTi > {PcTi, PcTc} > PiTc > Na), F(3.65, 368.15) = 82.22, p < 0.01, for judgments in accent, and for both the L1, F(3.66, 457.76) = 206.53, p < 0.01, and L2, F(3.41, 344 .67) = 80.12, p < 0.01, listener groups for judgments in comprehensibility (PiTi > PcTi > {PiTc, PcTc} > Na). These findings support the notions of previous related studies in that listeners consistently deem timing errors "worse" for pronunciation than pitch errors.
RESULTS AND DISCUSSION
Exploring the correlational effect that targeted acoustic measures of pitch accent have on L2 speech perception, a series of quadratic regression analyses were performed for four independent variables of acoustic feature measures and two dependent variables of listeners' judgments. This section details the regression results conducted for the acoustic feature measures of delta pitch range, max intensity, delta intensity H mean, and duration per mora. At first glance, the overall regression scores in Table 4 indicate a considerable and significant relationship between comprehensibility judgments and the features of intensity and duration, ranging from 14.3-24.6%, and indicating the degree to which variance in judgments can be accounted for by these measures. Whereas the adjusted R 2 scores for the acoustic dimension of pitch and for judgments on accent ranged from a considerably lower, albeit significant 2.7-6.7%, which indicate only a slight influence on listeners' judgments in comparison to the acoustic measures for intensity and duration, and to comprehensibility scores. Pitch FIGURE 2. Relationship between delta F0 range mean and judgments of accent and comprehensibility.
The regression scores for judgments on accent reveal that pitch, as measured by delta pitch range, indicate that overall this acoustic measure can account for a very slight influence on variance and weakly predict judgment scores, adjusted R 2 = 2.7%, F(2, 1137) = 16.937, p < 0.0005, β = -0.645, p < 0.0005. Comparing between stimulus error types, presented stimuli with timing errors (PcTi) can explain for a significant variance and influence on judgment scores (adjusted R 2 = 15.2%, F(2, 225) = 21.399, p < 0.0005; β = -2.958, p < 0.0005) far greater than stimuli with pitch errors (PiTc; adjusted R 2 = 2.2%, F(2, 225) = 3.519, p < 0.04; β = -1.836, p < 0.02). Between listener groups, L1 listeners of Japanese faired slightly better than AusE L2 listeners of Japanese, with the L1 group indicating a proportion of judgment variance due to the influence of pitch information at 4.9% (adjusted R 2 = 0.049, F(2, 627) = 17.150, p < 0.0005), while the L2 group having not significant results.
Correlation analysis between judgments on comprehensibility yielded similar results, with an overall very slight influence on variance and prediction power, adjusted R 2 = 2.8%, F(2, 1137) = 17.602, p < 0.0005; β = -0.807, p < 0.0005. However, for stimulus error type, PiTc results were shown to have a slightly greater influence on comprehensibility judgment scores, adjusted R 2 = 4.6%, F(2, 225) = 6.519, p < 0.002, whereas PcTi did not bear statistical significance. This can most likely be attributed to the acoustic measure, pitch, and that pitch errors are not present in this stimulus error type. Lastly, L1 and L2 listener groups performed similarly at 3.9% (F(2, 627) = 13.638, p < 0.0005) and 2.1% (F(2, 507) = 6.410, p = 0.002), respectively. These findings therefore minimally support the hypothesized QLVU effect of pitch on listeners' judgments.
Intensity
We employed two measures of intensity in the regression analysis, max intensity and delta intensity H mean, producing comparable figures. There is a noticeable difference in the amount of variance between judgments in accent and comprehensibility. Overall, results support the hypothesis that intensity has a slight QLCU effect on judgment rating for accent (Max intensity: Adjusted R 2 = 3.9%, F(2, 1137) = 23.935, p < 0.0005. Delta intensity H mean: Adjusted R 2 = 4.8%, F(2, 1137) = 29.512, p < 0.0005.). On the other hand, these acoustic measures explain for a more significant amount of variance in comprehensibility scores (Max intensity: Adjusted R 2 = 16.0%, F(2, 1137) = 109.393, p < 0.0005. Delta intensity H mean: Adjusted R 2 = 14.3%, F(2, 1137) = 96.177, p < 0.0005). For accent, between PiTc and PcTi error types, max intensity regression is not a significant indicator of variance. However, delta intensity H mean as a predictor is productive between PiTc and PcTi error types, indicating a slight influence on pitch error judgments (adjusted R 2 = 4.7%, F(2, 225) = 6.546, p < 0.0005) and a moderate influence on timing error judgments (adjusted R 2 = 23.4%, F(2, 225) = 35.617, p < 0.0005). Between L1 and L2 groups, both had slight influence on listeners' judgments at 6.6% (F(2, 627) = 23.199, p < 0.0005) and 3.6%, (F(2, 507) = 10.517, p < 0.0005), respectively. For comprehensibility, between PiTc and PcTi as well as listener group, max intensity is not a productive acoustic feature measure for predicting listeners' judgments. Delta intensity H mean produced only slightly promising results, with PcTi being the only error type between the two which indicated some effect on judgment variance, adjusted R 2 = 8.8%, F(2, 225) = 11.931, p < 0.0005, but no significant evidence of predicting them. This measure can, however, be productive for both listener groups, exhibiting slight influence at adjusted R 2 = 15.6% (F(2, 627) = 59.238, p < 0.0005; β = 1.552, p < 0.0005) on L1 listeners, and adjusted R 2 = 12. 8% (F(2, 507) = 39.193, p < 0.0005; β = 1.218, p < 0.0005) on AusE L2 listeners.
Duration FIGURE 5.
Relationship between duration as speaking rate (ms/mora) and judgments of accent and comprehensibility.
The results, which can be directly compared to those in Munro and Derwing (2001) , stem from a quadratic regression analysis of duration as measured by speaking rate and listeners' judgments. The overall results support the hypothesis that there exists a QLCU relationship. For judgments in accent, duration can account for a slight variance, adjusted R 2 = 6.7%, F(2, 1137) = 42.194, p < 0.0005, and acts as a slight predictor of listeners' scores, β = 0.558, p < 0.02. The case for comprehensibility judgments is the strongest of the overall experiment results, with a moderate influence on listeners' judgments, adjusted R 2 = 24.6%, F(2, 1137) = 186.505, p < 0.0005, and thus supporting the assertion that duration in terms of speaking rate can significantly predict comprehensibility ratings, β = 1.611, p < 0.0005.
For accent, this curvilinear relationship also manifests in the comparison of regression results between stimulus error types PiTc and PcTi. While PiTc does indicate a slight QLCU relationship (adjusted R 2 = 8.9%, F(2, 225) = 12.054, p < 0.0005; β = -3.947, p < 0.0005), the PcTi error type indicated more significant support with a moderate QLCU relationship (adjusted R 2 = 15.4%, F(2, 225) = 21.669, p < 0.0005; β = 5.049, p < 0.0005). These particular findings further support our previously established theory that timing errors bear more importance in the judgment of pronunciation and L2 speech than pitch errors for Japanese (PcTi > PiTc). Between listener groups, L1 Japanese speakers appear to be more responsive to the modulation of mora-level duration (adjusted R 2 = 11.4%, F(2, 627) = 41.353, p < 0.0005) in comparison to AusE L2 speakers (adjusted R 2 = 2.6%, F(2, 507) = 7.881, p < 0.0005); though to varying degrees, duration can account for variance in both listener groups' judgments.
Finally, for comprehensibility, results between PiTc and PcTi stimulus error types indicate only a curvilinear relationship for PcTi, adjusted R 2 = 10.0%, F(2, 123) = 7.979, p = 0.001; and predictive power, β = -5.075, p = 0.003, whereas PiTc results were not statistically significant. This is again expected given there is no evidence of timing errors in the PiTc stimuli. Interestingly, between listener group results were comparable, in line with the overall results showing a moderate influence on L1 (adjusted R 2 = 26.9%, F(2, 627) = 116.767, p < 0.0005; β = 1.817, p < 0.0005) and L2 listeners (adjusted R 2 = 22.0%, F(2, 507) = 72.942, p < 0.0005; β = 1.373, p < 0.0005) speakers. 
CONCLUSION
The aim of this study was to evaluate and verify the features of pitch accent which best exhibit a correlational relationship with L2 speech perception, in addition to which dimension of speech perception, accentedness or comprehensibility, was a better indicator of L2 pitch accent for Japanese. The results support a curvilinear effect between acoustic measures of pitch accent and listeners' judgments, specifically, with the proposed QLVU effect for pitch, and the more significant QLCU effects for intensity and duration. Comprehensibility judgments of listeners exhibit stronger indications of variance in perceived foreign accent due to independent acoustic measures over judgments in accent, which support a small, yet still significant effect. Lastly, investigation into acoustic measures of pitch accent has allowed for future studies within a different experimental framework than the previous related studies. For the case of Japanese, the findings provide useful insight that can be applied in L2 teaching of pronunciation.
